Introduction {#sec1-1}
============

Dry eye is a chronic disease with a very variable prevalence rate depending on the geographical location.\[[@ref1][@ref2]\] To date, there is no known definitive cure for dry eye disease, and the lack of a cure can be a source of frustration to both patients and the ophthalmologists who treat them. Available treatment options include tear replacement (via topical application of artificial tears), stimulation of tear production (via topical application of cyclosporine) or prevention of tear drainage with the most commonly used method of punctal plugs. Although there are many brands of punctal plugs, they all share a common set of potential complications including plug extrusion, plug intrusion, plug fragmentation, canaliculitis, canalicular stenosis, conjunctival abrasion, corneal abrasion, pyogenic granuloma, Dacryocystitis and rarely corneal ulcers.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\]

Botulinum neurotoxin is a neurotoxin that blocks the release of acetylcholine at the neuromuscular junctions of cholinergic nerves; the therapeutic administration of the toxin leads to decrease in muscle contractions. Many non-aesthetic ophthalmic uses of Botulinum toxin have been identified, including focal spasticity,\[[@ref11]\] overactive bladder,\[[@ref12]\] total painful joint arthroplasty\[[@ref13]\] and lacrimal hypersecretion syndrome.\[[@ref14]\] Sahlin *et al*.\[[@ref15][@ref16]\] were the first researchers to propose and study the effects of Botulinum neurotoxin A (BTA) injections on the lacrimal drainage system to prevent excessive tear drainage. When they injected 2.5-3.75 U of BTA to the medial part of the orbicularis oculi muscle either to the lower lid or to both upper and lower lids, the orbicularis pump mechanism around the canaliculi was found to be reduced with resultant decrease in tear drainage of up to 62% and 70% subjective improvement of dry eye symptoms.

The current study is the first clinical trial designed to compare the efficacy of Botulinum toxin injections for dry eye relative to the efficacy of the standard punctal plug insertion, which might lead to use of Botulinum toxin as a viable treatment option for patients with chronic dry eye disease not responding to topical medications.

Materials and Methods {#sec1-2}
=====================

After obtaining approval from the ethics committee at the King Abdulaziz University Hospital, all patients presented to the oculoplastic clinic with a diagnosis of severe dry eye disease from February 2011 till May 2011 and who agreed and signed the consent form to join the study were enrolled. Patients who had any history of lacrimal disease, lacrimal surgery, facial palsy or facial irradiation or who were using any systemic medications that can interfere with tear secretion- or drainage-like chemotherapeutic agents or ocular medication other than artificial tears at the time of the study were excluded. All patients were then tested for preexisting lacrimal drainage system obstruction through dye disappearance test (DDT) by instillation of fluorescein dye in the inferior conjunctival cul-de-sac. Results were considered normal when there was a complete disappearance of the fluorescein dye after five minutes from instillation. Only patients with normal DDT were interviewed, and they were asked the standard ocular surface disease index questionnaire \[[Table 1](#T1){ref-type="table"}\]. The severity of dry eye was calculated by multiplying the sum of scores by 25 and dividing it by the number of questions answered.\[[@ref17]\] All patients underwent clinical examinations that were specific to the signs and symptoms of dry eye including fluorescein staining of the cornea, tear film break-up time (BUT), and Shirmer\'s 2 tests. BUT test was considered positive when a break in the pre-corneal tear film appeared in less than 10 minutes after instillation of fluorescein dye, and a positive Shirmer\'s test is when the amount of the Shirmer strip wetting is less than 5 mm.

###### 

Dry eye questionnaire
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Severe dry eye disease was diagnosed when the patient scored ≥70% in ≥7 questions of the ocular surface disease index and had two or more positive specific dry eye test results. All the patients with severe dry eye were started on topical artificial tears for one month together with treatment of any ocular surface disease that can cause or aggravate dry eye disease. After which they were re-evaluated and those who showed failure of improvement of their dry eye clinical signs and symptoms stopped all dry eye medications and underwent a non-controlled randomization into two parallel groups matched in age and gender of which one of them received punctal plugs inserted in both lower puncti and the other group received BTA injections in the lower lids. The choice of the method of treatment used was based on the patient preference after explanation of the risks and benefits of both treatment options. Although both treatment methods were provided free of charge, most patients chose punctal plugs as it is the known standard treatment option. Punctal plugs were inserted under slit lamp biomicroscopy using preloaded single-use punctal plugs (FCI Ophthalmics, Inc., Paris, France). Patients who received Botulinum neurotoxin type A (Botox; Allergan Botox, Westport Co, Mayo, Ireland) were given a single subcutaneous injections of 0.1 mL (3.3 U/0.1 ml) of the toxin 2 mm inferior to the lid margin medial to the lower punctum of both lower eyelids. This dose and location of the injection were chosen based on the previous work of Salhin *et al*.\[[@ref15][@ref16]\] which showed more complications with the higher dose of 3.75 U and with injection of both upper and lower eyelids. All patients were given appointments for follow-up examination 2 weeks to allow time for the Botulinum toxin effect to peak and to pass the first week of irritation that is experienced by most patients who receive punctal plugs. Follow-up evaluations were then scheduled at 1 month, 3 months and 6 months after treatment. At each follow-up appointment, each patient was re-interviewed \[[Table 1](#T1){ref-type="table"}\] and any improvement or worsening of his or her symptoms was recorded. All of the patients underwent repeat clinical evaluations that included recording of any changes in the heights or contours of their eyelids, any new symptoms, fluorescein staining of their corneas, measurement of the tear-film BUT, Shirmer\'s 2 tests and DDT to confirm a successful blockage of tear clearance by the studied methods. The results of these tests at the follow-up examinations were compared with the pre-treatment test results for each patient and the level of the patient satisfaction was also recorded \[[Table 2](#T2){ref-type="table"}\].
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Patient satisfaction questionnaire
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Statistical analysis was performed using version 20 of the SPSS software package (SPSS, Inc. Chicago, IL, USA). Pearson Chi-square tests and Fisher\'s exact test were performed to analyze each variable. A *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

A total of 60 patients with a diagnosis of severe dry eye disease not responding to topical medications were enrolled in the study. Thirty six patients received punctal plugs. Their mean age was 44.5 years (22-67 years); 20 of them were men. A total of 24 patients received Botulinum neurotoxin type A. Their mean age was 47.5 years (25-70 years); 14 of them were men. [Table 3](#T3){ref-type="table"} shows the demographic data. [Table 4](#T4){ref-type="table"} shows the clinical signs and symptoms of dry eye before and two weeks after treatment in the two treatment groups.

###### 

Demographics of the study patients
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###### 

Comparison of clinical signs and symptoms of dry eye among patients who received either Botulinum toxin injections or punctal plug insertions
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Within the punctal plug group of patients, 10/36 (27.8%) patients were satisfied with the treatment, 4/8 (50%) of those with an initial abnormal Shirmer\'s 2 score showed improvement over their pre-treatment scores. Half of all the patients who received punctal plugs (18/36) developed complications in the form of either plug extrusion (33.3%) or continuous irritation and conjunctival erosion (16.7%) Moreover, all the 6 patients who developed continuous irritation requested removal of the plugs within one week of insertion.

All 24 patients who received Botulinum neurotoxin type A injections were satisfied with their treatment. All the 24 patients who received Botulinum neurotoxin type A showed a post-treatment increase in the Shirmer\'s 2 score regardless of whether the pre-treatment score was abnormal (6/24) or normal (18/24). 8/24 (33.3%) of the patients who received Botulinum neurotoxin type A injections reported getting shampoo in their eyes while showering and 4/24 (16.7%) did not have any improvement in the degrees to which they experienced foreign body sensations and increased tearing prior to treatment, although they showed an improvement in Shirmer test, BUT and corneal fluorescein staining scores. [Table 5](#T5){ref-type="table"} lists the complications occurring in both treatment modalities. [Figure 1](#F1){ref-type="fig"} demonstrates a comparison between the two groups of patients in terms of quality of life and overall satisfaction.

###### 

Comparison between punctal plug and Botulinum neurotoxin type A in relation to complications
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![Comparison of the quality of life in both treatment groups](OJO-7-61-g006){#F1}

Botulinum neurotoxin type A injection effect reversed in all the injected patients over a mean time of 4.5 months, and the pre-treatment manifestations of dry eye in these patients resumed. All the patients expressed their willingness to receive repeated injections for control of their dry eye disease.

Discussion {#sec1-4}
==========

The results of the present study show that the use of injections of BTA to prevent tear drainage improves the clinical manifestations of severe dry eye disease when topical medications fail. It also shows that BTA can be a better alternative to punctal plugs as it carries fewer complications and better patient satisfaction. All of the patients who received BTA injections were satisfied with their treatment in contrast to this, 50% of the patients who received punctal plug insertion, largely because the degrees to which they experienced improvements in the clinical manifestations of their disease were variable and the development of complications.

Sahlin *et al*.\[[@ref15][@ref16]\] noticed that although the lacrimal drainage capacity was decreased by 52% when patients were given injections in both upper and lower eyelids and by only 42% with one injection to the lower eyelid, the patients who received two injections were often unsatisfied with their treatment because they developed unsightly retractions of their upper eyelids and some patients experienced tearing and foreign body sensation due to the weakening effect of BTA on the orbicularis oculi muscle. Due to the aforementioned result, we chose to give our patients a single injection in each lower lid, and none of our patients developed lid retraction, but 16.7% had recurrence of their foreign body sensation after an initial improvement for one week (notably, they still had improved Shirmer\'s scores, BUT and fluorescein corneal staining) together with the development of tearing. This may be due to weakening and disturbance of the blinking power without an obvious clinical evidence of lagophthalmos, but enough to cause foreign body sensation. This theory has to be investigated by further studies using injections of lesser concentration of BTA that disturbs the lacrimal drainage mechanism without weakening of the blinking mechanism.

Spira *et al*.\[[@ref17]\] noted the development of an unexplainable increase in tearing among patients with Sjogren\'s syndrome who received injections of BTA for treatment of blepharospasm. On the other hand, Price *et al*.\[[@ref18]\] and Horwath-Winter *et al*.\[[@ref19]\] did not find any improvement of in the dry eye disease symptoms nor Schirmer test results among their patients who suffered from both dry eye disease and blepharospasm after they received BTA injections for treatment of blepharospasm, but there was an improvement in BUT and Rose Bengal scores. Among our patients, all those who received BTA injections showed an increase in their Schirmer\'s score even in those with normal pre-treatment levels. They also had an improvement in both BUT scores and corneal fluorescein staining. This may indicate that BTA injections have a stimulatory effect to tear production by the lacrimal gland in patients with Sjogren\'s disease when the toxin is injected away from the gland as it is known that the toxin can diffuse to the lacrimal gland when injected at the temporal parts of the eyelids causing decrease in tear secretion.\[[@ref20]\] This theory has to be investigated on a larger scale studies with clearer identification of Sjogren\'s and non-Sjogren\'s disease patients.

Although it has been demonstrated by other reports that punctal plugs can improve the quality of vision and BUT in patients with dry eye disease,\[[@ref21]\] their potential for a variety of complications can be a significant source of patient dissatisfaction. Tai *et al*.\[[@ref22]\] studied the efficacy of 312 silicone punctal plugs and they noted 50.7% extrusion rate, 6.9% conjunctival erosions with increased tearing. Patients in our study developed the same variety of complications after punctal plug insertion and the most common complication was plug extrusion, which occurred in 33.3%, and 16.7% of our patients requested removal of the plug because of intolerable conjunctival erosion and tearing.

The limitation of this study is the small sample size and the inability to distinguish Sjogren\'s syndrome patients. Clinical trial with a larger sample size is needed to compare this treatment with different concentrations of BTA in Sjogren\'s and non-Sjogren\'s syndrome patients.

Conclusion {#sec1-5}
==========

The use of Botulinum neurotoxin A injections to compromise the lacrimal drainage system is a very effective and satisfactory method of improving the symptoms of dry eye disease. This method has few complications, most of which are mild, and it generally results in a higher level of patient satisfaction than punctal plug insertion. The possibility that injections of BTA may also increase tear production needs to be investigated further.
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